Due to the scarcity of the proper access point to the deep waters by divers and snorkelers, bays and lagoons are used as sheltered marine areas in the southern Egyptian Red Sea and are represented very valuable recreational areas. With the recent booming in tourism along the Egyptian coast of the Red Sea, the sheltered bays and lagoon reefs are tremendously impacted by recreational SCUBA diving activities. Three bays with similar environmental and topographic characteristics, but with different levels of diving and snorkeling activities were selected to study the impacts of recreational SCUBA diving on sedimentation rate, substrate analysis, coral cover, diversity, coral recruitment and coral reef fish assemblages.
INTRODUCTION
Coral reef ecosystem of the Egyptian Red Sea coast represents one of the most important ecological and economical resources of the country. Corals are not only one of the most productive ecosystems on earth, providing nursery grounds for fishes and invertebrates, but act as a buffer zone that protect coastal areas from erosion (Naim et al., 2000; Spalding et al., 2001) , and also offers huge recreational opportunities that attract tourists (Bellwood et al., 2004) . Corals are very sensitive marine animals and require particular combinations of environmental conditions to survive. Naturally, corals thrive in clear, warm and pollution free waters with low nutrients (Gleason, 1998; Nybakken and Bertness, 2005) . The presence of hard substrate is also essential for coral existence (Nybakken and Bertness, 2005) . Despite being considered one of the most resilient ecosystem surviving major environmental events such as ice age, meteor strikes and changes in solar activities, reefs are degraded worldwide in accelerating rates mainly because of human activities (Naim et al. 2000; Roberts et al. 2002; McCulloch et al. 2003; Cole 2003; Sheppard 2003) .
Increases in human populations and coastal development along the Egyptian coast of the Red Sea over the past 10 years have intensified the pressure on corals environmental requirements, and threaten the health and viability of coral reefs. Rubbish and other by-products of human activities in coastal areas cause many problems for the coral reef ecosystem (Thomsen and McGlathery, 2005) . The Egyptian Red Sea coast, with its unique climate and remarkable fringing reef systems has become a popular tourist destination because of reef related activities such as snorkeling and SCUBA diving (Ridzwan, 1993) . Millions of divers are certified every year as SCUBA diving became a conventional sport. Kotb et al. (2001) evaluated the status of the Egyptian reefs of the Red Sea. The coral reefs of Egypt are under increasing pressure from rapidly expanding tourism industry, which is also an extremely important economic activity (Kotb et al., 2008) . Damage occurs from direct impact of divers and snorkelers, and indirect impacts caused by developing tourism facilities including landfill, dredging for artificial beaches, boat anchors and grounding, and sedimentation (Kotb et al., 2008) . Research showed that more than 74% of divers contact the reef at least once during their dives with some parts of their body or equipments (Friedlander & DeMartini 2002; Gardner et al. 2003; Bellwood et al. 2004) . Beginner divers are causing more damage than experienced ones and divers using cameras tend to have more contacts than those not using a camera, with almost all contacts resulting in the re-suspension of sediments (Aronson & Precht 2006; Cinner & McClanahan 2006; Mora et al.2006; Lesser et al. 2007) .
With intensifying the coastal development, human impact on the southern coasts of the Egyptian Red Sea is expected to increase, discriminating among stressors will be crucial to emphasize conservation strategies and effectively mitigate the degradation of coral reefs (Palumbi 2005; Aronson and Precht 2006) . In the present study, three bays with different levels of SCUBA diving and snorkelling activities were selected to examine the impact of these activities on coral reef communities.
MATERIALS AND METHODS

Study area
The Red Sea shore is characterised by existing fringing reef which frequently interrupted by a series of lagoons and bays (sharms/marsas) mainly facing the flood pathway (valleys or wadis). These coastal features are formed usually at the opening of the valleys under the influence of floods. Such bays are considered as traps for sediment loading by the fresh water run-off during flooding and produced soft bottom habitat in the west and middle area of the bay, while the side walls provide a hard substrate for coral growth.
The edges of the fringing reefs of the Egyptian Red Sea are highly exposed to surface current and wave, except in the areas of bays and lagoons. Therefore, these lagoons and bays represent essential areas for tourism development, mainly because its represent the most safe access points to the deep waters by divers and snorkelers as well as they are the only areas possess proper sandy beaches. To study the impact of diving on coral reefs, three bays with similar features and structure, but with different level of diving rates (number of dives/year) were investigated. The three bays are located along the southern coast of the Egyptian Red Sea and between the two cities of El-Qusier and Marsa Alam, namely Marsa Um El-Gurifat, Marsa Shagra and Marsa Sefeen (Fig.1) . 
Impact assessment
At each studied site, two sub-sites lay in the north and south of each bay were surveyed using scuba-diving techniques. Line Intercept Transect techniques parallel to the shoreline was used to study the status of the coral reef communities. The abundance and diversity of coral reef fishes were determined in three 100m/ 5m wide (i.e 500m 3 ) Belt Transect for fish community at each sub-site. Benthic analyses were estimated in each sub-site at the three zones of reef flat, reef edge and reef slope. Estimation of the benthic components in each zone was conducted by using three line intercept transects, based on English et al. (1997) . In addition, the numbers of the newly recruited colonies were estimated at the reef edge and reef slop, using three 25m belt transect and described on a basis of number of recruited colonies/m 2 . The level of impact was quantified by calculating the annual number of diver/site, according to the dive operators and the sedimentation rate at each sub-site.
Sedimentation rate
Sediment traps have been shown to provide adequate measurement of relative spatial and temporal variability of sediment fallout (Woolfe and Larcombe, 1998) . At each sub-site, sedimentation rate was estimated using sediment traps according to English et al. (1997) . Four sediment trapping bottles were installed at depths 5-10m of each sub-site, and remained upright with fixed position underwater. Each sediment trap was covered with an iron-mesh netting (mesh size of 1 mm) and secured by rubber bands. The netting was used to prevent fishes, crustaceans or molluscs from
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Qusier City entering and re-suspending the sediment collected in the bottles. After one month, the sediment traps were collected and sedimentation rates as mg/cm 2 /day were determined by dividing the dry weight (in mg) with the area of the sediment trap aperture width (in cm 2 ) over the duration (in days).
RESULTS
SCUBA diving impact and sedimentation rate:
As a result of the direction of the prevailing wind (north-east to south west), the reef edge of the fringing reefs are highly exposed to surface current and waves. This makes access to the open water by swimmers, snorkelers and divers are so dangerous. Therefore, lagoons and bays represent proper access points to recreational marine activities. With intensifying tourism development around and on these bays and lagoons due to accessibility to deep water as well as availability of beaches, recreational activities especially diving and snorkelling became one of the most serious threats to the sensitive habitats especially coral reefs. Diving rates extremely varied between the three investigated bays. The highest diving rate, of approximately 51,000 dives/site/year, was recorded at Marsa Um ElGurifat comparing with less than 20,000 dives/site/year at Marsa Shagra and almost nil at Marsa Sefeen (Fig. 2 ). In addition, intensive swimming and snorkelling activities were observed in the bay of Marsa um El-Gurifat. It is observed that divers at Marsa Um El-Gurifat stand up and settled more frequently on the sea floor disturbing and stirring the sea floor sediment causing large turbidity. This is mainly due to that most of the divers are beginners and the bay is used as diving training area. Sedimentation rates were highly varied between the three surveyed sites (ANOVA: P<0.001). In general, it was obvious that the sedimentation rates were influenced by the diving rate, i.e the high diving rate and the high sedimentation rate. Highest rate of sedimentation with an overall mean of 228.9±24.7 mg/cm2/day was estimated at the bay of Marsa Um-Gurifat, compared with 85.3±7.7 and 38.8±5.9 mg/cm2/day estimated at Marsa Shagra and Marsa Sefeen, respectively. Obvious trend of increasing sedimentation rates on the southern reefs rather than the northern reefs of the studied sites noticed. The maximum sedimentation rate of 240.3±26.9 mg/cm2/day was recorded at the southern sub-site of Um El-Gurifat, while the lowest rate of 28.9±6.5 mg/cm 2 /day was estimated on the reef of the northern sub-site of Marsa Sefeen (Fig. 3) . 
Cover area of benthic live forms
The living benthic coverage varied significantly between the studied sites and sub-sites (north and south of each bay) as well as between reef zones (reef flat, edge and slop). The highest overall mean of the percentage cover of living substrate was recorded at the reefs of Marsa Shagra (68.4%), while the lowest cover was estimated at the reefs of Marsa Um El-Gurifat and Marsa Sefeen, with overall means of 54.5 and 62.0% to the total cover, respectively (Table 1 ). In general, hard coral cover dominated the living organisms at all sites, sub-sites and zones, except the site of Marsa Um El-Gurifat. The lowest occurrence of hard coral cover of an overall mean of 15.8% was estimated at the reefs of Marsa Um El-Gurifat, compared with the overall means of 57.8 and 53.0% to the total cover at the reefs of Marsa Shagra and Marsa Sefeen, respectively (Table 1) . Occurrence of soft coral found to be depended on the sedimentation rates, i.e the high sedimentation, the high coverage of soft corals. The highest coverage of soft coral was recorded at Marsa Um El-Gurifat, averaged with about 33.7% compared with 8.9 and 7.3% at the reefs of Marsa Shagra and Marsa Sefeen, respectively (Table 1) . On the sub-site level, the occurrences of living substrate and hard coral cover showed a general trend of higher occurrence in the northern than the southern subsites at all reefs of the studied bays. In contrast, occurrence of soft coral showed different trend where the percentage cover area found to be mostly higher on the southern reefs rather than the northern reefs, especially at the reefs of Marsa Um ElGurifat (Table 1 and Fig.4) .
Comparing of the occurrence of different living substrate types showed significant difference between zones (ANOVA: P<0.001). On the reef flat, the highest occurrence of living coral covers were recorded at the two sub-sites of Marsa Shagra, while the lowest occurrence were estimated on the reef flat of the south sub-site of Marsa Um El-Gurifat. It was obvious that macroalgal cover occurred extremely higher on the reef flat of north and south reefs of Marsa Um El-Gurifat (being 10 and 20% of the total cover, respectively), comparing with the other two bays (Table 1 and Fig.4 ) . Hard coral cover dominated the substrate of the reef edge in all surveyed reefs except the reefs of Marsa Um El Gurifat where soft coral dominated the living substrate. Similar trend was observed on the reef slope, where hard coral cover dominated the reef slops in the two bays of Marsa Shagra and Marsa Sefeen, and soft coral cover dominated the living substrate on the north and south reefs of the Marsa Um El-Gurifat (Table 1 and Fig. 4) . It was also noticed that soft coral overgrown the hard coral colonies. The substrate analysis indicated obviously that highest soft coral and macroalgal covers linked with the highest sedimentation rates recorded at Marsa Um El Gurifat. 
Coral recruitment
The estimated coral recruitment at the two zones of reef edge and reef slope of the surveyed reefs varied significantly (ANOVA: P<0.01) between the sites under investigation. Highest overall means of 2.35 and 2.2 colonies/m 2 were estimated on the reefs of Marsa Shakara and Marsa Sefeen, respectively. In contrast lowest recruitment was estimated at Marsa Um El Gurifat, averaged 0.9 colony/m 2 (Fig. 5 ) 
Diversity and fish abundance
The diversity in hard coral showed lowest numbers of genera on the north and south reefs of Marsa Um El-Gurifat, being 6 and 7 genera, respectively. At the other surveyed sub-sites hard corals were represented by 13 genera on the north reef of Marsa Shagra and 12 genera on the other surveyed reefs. Soft coral represented only by 3 genera on the north of Marsa Um El-Gurifat and Marsa Shagra, and only 2 genera at the other sub-sites (Table 2) . Fish diversity, as a number of fish species, was ranged between the highest records of 75 species at the south reef of Marsa Shagra, to the lowest record of 67 species at the south reef of Marsa Um El-Gurifat. Fish abundance varied slightly and non-significantly between different sub-sites. It was ranged between lowest abundance of 138 at the south reef of Marsa Shagra and 160 fish/500m 3 at the southern reef of Marsa Sefeen. Although, there was no significant difference in fish abundance between surveyed sites as well as between the sub-sites (ANOVA: P>0.05), the obvious difference was recorded on the level of occurrence of fishes with different feeding habits. Herbivore fishes were dominated the fish assemblage on the reefs of Marsa Um El Gurifat. Highest occurrences of herbivore fishes were recorded on the north and south reefs of Marsa Um El-Gurifat averaged 73.8% compared with 34.9 and 38.4% to the total fish count on the reefs of Marsa Shagra and Marsa Sefeen, respectively (Fig.6) . In contrast, the lowest occurrence of carnivore and corallivore fishes were estimated on the reefs of Marsa Um El-Gurifat, averaged 17.9 and 8.3% to the total abundance of fishes, compared with 43.3 and 21.8% on the reefs of Marsa Shagra and 39.8 and 21.8% averaged on the reefs of Marsa Sefeen, respectively ( 
DISCUSSION
Worldwide declines in coral coverage and overall reef degradation can be attributed to a variety of anthropogenic and natural causes (Pandolfi et al., 2003; Côté et al., 2005) . Numerous studies revealed that heavy sedimentation resulted from diving activities and coastal development is linked to various types of reef degradation; shading of adult corals (Rogers, 1990; van Katwijk et al. 1993; West and Van Woesik, 2001 ), fewer coral species, less live corals, lower coral growth rates, greater abundance of branching forms (Acevedo et al. 1989; Torres et al. 2002; ISRS 2004; Nybakken and Bertness, 2005; Rachello-Dolmen et al. 2007) , reduced depth ranges (Anthony and Fabricius 2000; Edinger et al. 2000) decreased calcification, decreased net productivity of corals, and slower rates of reef growth (Edinger et al., 1998 , Subade, 2007 .
Moreover, and probably the most severe effect of sedimentation is the inhibition of recruitment (Wittenberg and Hunte 1992; Babcock and Davies 1999; Gilmour 1999; Ward and Harrison 2000; Harrison and Ward 2001; Babcock and Smith 2002; Cox and Ward 2002) . Sedimentation is therefore considered one of the most widespread contemporary, human-induced perturbations on reefs.
Until recently, recreational SCUBA diving tourism was thought of as an activity entirely compatible with the sustainable use of marine resources, as opposed to extractive activities, such as fishing, mining, and construction of tourist facilities. However, recent evidence has demonstrated that reefs may become degraded as a result of poorly planned or intensive tourist use (Jameson et al., 1999; Tratalos and Austin, 2001) . Several previously described studies quantified the level of coral physical damage by either breakage or abrasion, in the Egyptian reefs of the Red Sea due to reef walking (Woodland and Hooper, 1977; Liddle and Kay, 1987; Roberts, 1993 and 2004) , snorkeling and diving activities (Hawkins and Roberts, 1992; Serour, 2004; Attalla, 2011) . These studies provided a quantitative analysis of direct physical damage due to divers, thought to be the main causes of mortality in frequently visited dive sites. Riegl and Velimirov (1991) showed that in heavily dived sites, there were more coral breakage, algal overgrowth, and tissue loss than in low frequency dive sites. Similarly, Hawkins and Roberts (1992; 1993) , showed that there was a significantly high number of damaged colonies, loose fragments, and abraded coral colonies in heavily used dive sites. Studies on the impact of sedimentation resulted from diving activities are rare worldwide. Although the Egyptian reefs of the Red Sea are considered the most famous diving destination, nothing was known on the impact of sedimentation resulted from diving activities on coral reef ecosystem.
Beside the expected direct physical damage for coral as a result to the potential contact incidents, heavily used area of the Marsa Um El-Gurifat by divers and snorkelers caused a tremendous increase in sedimentation rate comparing with the other two investigated sites of Marsa Shagra and Marsa Sefeen. It was obvious that increasing the sedimentation rate due to diving activities on the coral reefs at Marsa Um El Gurifat represented tremendous stressor to coral reefs. It is found that increasing sedimentation rate caused reducing of the hard coral cover; soft coral cover overgrown and dominated the coral assemblage instead of hard corals; macroalgal cover (algal mats) was increased especially on the reef flat zone and consequently herbivore fish occurrence was increased sharply; hard coral and coral reef diversity was declined and coral recruitment was reduced.
The results matches those done by van Katwijk et al. (1993) who recorded significant changes in coral cover, community structure and an increase number of broken corals due to sediment discharge from rivers. The domination of soft corals on heavily impacted sites by sedimentation is also supported by Schleyer and Celliers (2003) who found that soft corals cover increased and dominated the hard coral because of high sedimentation. On the reefs of Marsa Um El-Gurifat, the soft coral, mainly Xenia overgrown and dominated the living substrate.
In addition to corals, increases in sedimentation can affect other reef-associated organisms. Coverage of crustose coralline algae (which cements reefs and functions as a settlement substrate for coral planulae) is related to the sedimentary environment, with lower percent cover recorded in areas with thicker sediment deposits (Fabricius and De'ath, 2001) . Declines in coral reef fish populations have been related to increased sedimentation levels (Hawkins et al., 2006.) . Settlement of early-life stages of seaweeds is disrupted by high levels of sediment (Schiel et al., 2004) . Even entire benthic assemblages can be altered as a result of human-induced high-sedimentation events (Colosio et al., 2007) . It was found that increasing of sedimentation rate in the area of Marsa Um El-Gurifat as a result of recreational activities caused significant increase in the macroalgal cover especially in the reef flat area. Consequently, the abundance of the herbivore fishes increased sharply comparing with the other two sites. Vermeij et al. (2010) assessed whether herbivores are capable of reducing the abundance of turf algae at coral-algae boundaries. They found that nutrient enrichment cause significant increase in the cover of turf algae which cause visible (overgrowth) and invisible negative effects (reduced fitness) on neighboring corals, and consequently herbivore fishes.
CONCLUSION
The results of this study indicated obviously that, in addition to the physical damage due to the incident contact of divers with coral colonies, increasing sedimentation rate as a result of unregulated SCUBA diving is seriously added stressor for coral reefs, especially within the sheltered or semi-closed bays/lagoons. In conclusion, the study revealed that increasing of sedimentation rate resulted in: 1) reducing the cover percent age of the hard corals; 2) increasing the cover percent age of the more tolerant living organisms to sedimentation, i.e mainly soft corals and macroalgae; 3) reducing the coral recruitment; 4) shifting the coral reef fish structure to be dominated by herbivore fishes. Due to the highly importance of the lagoons and bays from the ecological and socio-economical points of view, new conservation strategies are required to mitigate their negative impact on coral communities.
This study uses the fringing coral reefs of the sheltered lagoons and bays of the Red Sea as a model for integrating scientific research on reef status with specific management suggestions to mitigate the current and serious impact of sedimentation resulted from diving and snorkeling on coral reef communities. These management suggestions could be included: 1) establish and implement carrying capacity plan for the lagoon and bay reefs; 2) install proper submerged structure on the soft bottom sea floor with a proper height to prevent the divers to trample and walk directly on the sea floor, consequently, stop their effect on disturbing sea floor sediments; 3) install submerged walkways to allow snorkel and divers to access the deep waters through certain points and not allow for them to get access randomly; 4) create a proper best practice guideline for diving and snorkeling the bays and lagoons; 5) Provide professionally trained guides and proper educational and outreach materials. 
